Nuclear migration: The missing (L) UNC?  by Raff, Jordan W.
R708 Dispatch
Nuclear migration: The missing (L)UNC?
Jordan W. Raff
In many cells, centrosomes are required to position
nuclei at specific locations in the cytoplasm. The nature
of the link between centrosomes and nuclei is
mysterious, but the recently characterised UNC84
protein appears to be involved.
Address: Wellcome/CRC Institute, Department of Genetics, Tennis
Court Road, Cambridge CB2 IQR, UK.
E-mail: j.raff@welc.cam.ac.uk
Current Biology 1999, 9:R708–R710
http://biomednet.com/elecref/09609822009R0708
0960-9822/99/$ – see front matter 
© 1999 Elsevier Science Ltd. All rights reserved.
Eukaryotic cells can move their nuclei to specific locations
in the cytoplasm. The single-celled budding yeast
Saccharomyces cerevisiae, for example, moves its nucleus into
the bud neck that joins the mother and daughter cell so
that the mitotic spindle can form in the correct position to
distribute the chromosomes between the two cells. After
fertilisation in higher eukaryotes, the male and female
pronuclei can move over huge distances before they fuse to
form the zygotic nucleus. Less dramatic nuclear migrations
also occur in many other types of cell. Little is known about
the mechanisms behind these nuclear movements, but this
may change following the identification of a protein,
UNC84, that is required for nuclear migration during the
development of the nematode Caenorhabditis elegans [1].
The nuclear migration into the bud neck in S. cerevisiae is
particularly well understood. Here, microtubules nucleated
from the ‘microtubule-organising centre’ interact with
several microtubule motor proteins to move the nucleus
into position prior to cell division [2]. In S. cerevisiae, the
microtubule-organising centre is the spindle pole body,
which is embedded in the nuclear envelope, and so it is
easy to imagine how the regulated activity of specifically
localised microtubule motor proteins could move the
nucleus to a particular location in this yeast cell (Figure 1).
In animal cells, nuclear migration also often depends on
microtubules [3]. In early Drosophila embryos, for example,
the nuclei reside in a common cytoplasm and at a specific
stage of development they coordinately migrate to the
embryo cortex by a microtubule dependent mechanism
[4]. If nuclear replication is blocked using a DNA synthesis
inhibitor, the centrosomes, which are the main micro-
tubule-organising centres in animal cells, can migrate to
the cortex at the appropriate time, leaving the nuclei
behind [5]. Thus, as in S. cerevisiae, it seems that forces
acting on microtubules attached to the microtubule-organ-
ising centre can move nuclei around in animal cells. Unlike
the spindle pole body, however, the centrosome is not
embedded in the nuclear envelope, and the nature of the
link between centrosomes and nuclei has been mysterious.
Recent studies on the unc84 mutation in the nematode
C. elegans may have finally shed some light on this mystery
[1]. In animals that are mutant for unc84, several nuclear
migrations fail, and the anchoring of nuclei within the
cytoplasm is also affected [1,6]. A striking example of
these defects is in the nuclear migration that normally
Figure 1
A hypothetical scheme for nuclear migration in
S. cerevisiae. Microtubules are polar
structures with a plus end (+) and a minus
end (–). The minus end is always associated
with a microtubule-organising centre, in this
case the spindle pole body. The minus-end-
directed microtubule motors are located at a
specific region of the cell cortex. When
activated, the motors interact with the
microtubules nucleated from the spindle pole
body and move toward the minus ends,
pulling the spindle pole body to the specific
site at the cell cortex. As the spindle pole
body is embedded in the nuclear envelope,
the nucleus moves with it. In reality, this type
of movement is often more complicated than
shown here, and is mediated by the co-
ordinated actions of several types of
microtubule motor [2].
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occurs in the P cells of the developing larvae. The nuclei
in these cells start off in a lateral position and then migrate
dorsally within the cell; in unc84 mutant larvae, this migra-
tion stops prematurely and the nuclei return to their start-
ing positions. Surprisingly, these cells then die by a
process that is both morphologically and genetically dis-
tinct from normal programmed cell death. Moreover, anu-
cleate cellular fragments are found at the positions where
the nuclei would normally have been had migration con-
tinued, as though this region of the cytoplasm has
somehow broken away from the rest of the cell. At a first
glance, it is difficult to explain how this disaster results
from a simple failure in nuclear migration.
A clue has come from the cloning of the unc84 gene [1].
The UNC84 protein is related at its carboxyl terminus to
the ‘spindle architecture defective’ protein, Sad1, of the
fission yeast Schizosaccharomyces pombe, and to at least two
mammalian proteins of unknown function, known as
SUN1 and SUN2 for ‘Sad1, UNC84 domain’ protein. All
of these proteins also contain a putative transmembrane
domain, suggesting that they are membrane spanning.
The Sad1 protein is normally located exclusively at the
spindle pole body, and is required for the proper forma-
tion of the mitotic spindle [7]. When slightly overpro-
duced, however, the protein is distributed throughout
the nuclear envelope, suggesting that it is normally
inserted into the nuclear membrane and is then recruited
to the spindle pole body. Strikingly, a fusion protein of
UNC84 and the green fluorescent protein (GFP) was
seen also to be localised throughout the nuclear envelope
in C. elegans cells.
These observations led Malone et al. [1] to propose that the
function of UNC84 — and of SUN domain proteins in
general — might be to link the microtubule-organising
centre to the nuclear envelope (Figure 2). The unc84
mutant phenotype in P cells could then be explained as
follows. Normally, microtubule motors are responsible for
moving the centrosome and attached nucleus towards the
dorsal part of the cell. When UNC84 is mutated, the
centrosome loses its attachment to the nucleus and moves
on its own, leaving the nucleus behind. The migrating free
centrosome may ultimately break the cell, forming an anu-
cleate cytoplast and causing the acentrosomal part of the
cell to die. Such a linking protein might be required in
S. pombe because in this yeast, unlike S. cerevisiae, the
spindle pole body is not embedded in the nuclear envelope
during interphase [8]. In support of this possibility, there
are apparently no SUN domain proteins in S. cerevisiae.
While this is an attractive model, the crucial experiment
of following the behaviour of centrosomes in unc84
mutants has not yet been reported. Moreover, there are
several aspects of the model that are puzzling. Why, for
example, is UNC84 in C. elegans cells not restricted to the
region of the nuclear envelope that is near the micro-
tubule-organising centre, as appears to be the case for
Sad1 in S. pombe? This difference might reflect the differ-
ent requirements for such a linking protein in the differ-
ent organisms. In most animal cells, the duplicated
centrosomes migrate to opposite sides of the nucleus prior
to the initiation of mitosis. UNC84 may therefore be
required throughout the nuclear envelope to allow the
centrosomes to maintain their attachment to the nucleus
as they move around it. In S. pombe, the duplicated
spindle pole bodies become inserted into the nuclear
envelope before they start to migrate to opposite sides of
the nucleus [8], so a linking protein may not be required
throughout the nuclear envelope. An alternative explana-
tion for the different distributions could be technical: the
UNC84–GFP fusion protein was expressed using the
endogenous unc84 promoter, but it was not tested
whether it was present at normal levels; if this fusion
protein was more stable than the endogenous UNC84
protein, it might have been overexpressed and therefore
abnormally distributed in the nuclear membrane, as was
the case for overexpressed Sad1.
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Figure 2
A model of how UNC84 might link the centrosome and nucleus. There
is some evidence that the centrosome is linked to the nucleus via
microtubules [3], and very recently it has been shown that the minus-
end-directed microtubule motor dynein appears to be involved in this
interaction in Drosophila [9]. In the model shown here, UNC84 anchors
a microtubule-minus-end motor complex (such as dynein) to the nuclear
membrane. This complex would move towards the centrosome and so
act to keep the centrosome and nucleus together. UNC84 is
represented here as a dimer as there is evidence that it can homo-
oligomerise. Note also that it is not known yet whether the carboxy-
terminal SUN domain is located in the cytoplasm or in the nuclear lumen
(the space between the two lipid bilayers of the nuclear envelope). This
may be important in determining whether all SUN domain proteins are
involved in the interaction between the microtubule-organising centre
and the nucleus, or whether they are more generally involved in
localising proteins to the nuclear membrane (see text).
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Perhaps even more puzzling is why the most striking
defect in sad1 mutants is in mitotic spindle formation,
whereas in unc84 mutants it is in nuclear migration. A
possible explanation is that UNC84 and Sad1 have
distinct functions, and that the SUN domain simply serves
to target both proteins to the nuclear envelope. This
membrane is contiguous with the endoplasmic reticulum
in eukaryotes, so both proteins must have some
mechanism that keeps them localised predominantly in
the nuclear envelope; this could be mediated by the SUN
domain. Alternatively, a more detailed analysis of the sad1
and unc84 mutants might reveal a conserved mechanism of
action: the defect in spindle formation in sad1 mutants, for
example, could be due to an abnormality in the
connection between the spindle pole bodies and nuclei,
while redundant mechanisms may prevent defects in
spindle formation occurring in unc84 mutants.
From this brief discussion, it is clear that many questions
remain to be answered about the SUN domain and the
proteins that contain it. If UNC84 really is involved in
linking centrosomes and nuclei, however, it will provide
the first molecular handle with which to address the ques-
tion of how this vital interaction is maintained and regu-
lated in animal cells.
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